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Abstract
Background: Glasgow’s low life expectancy and high levels of deprivation are well documented. Studies
comparing Glasgow to similarly deprived cities in England suggest an excess of deaths in Glasgow that cannot be
accounted for by deprivation. Within Scotland comparisons are more equivocal suggesting deprivation could
explain Glasgow’s excess mortality. Few studies have used life expectancy, an intuitive measure that quantifies the
between-city difference in years. This study aimed to use the most up-to-date data to compare Glasgow to other
Scottish cities and to (i) evaluate whether deprivation could account for lower life expectancy in Glasgow and (ii)
explore whether the age distribution of mortality in Glasgow could explain its lower life expectancy.
Methods: Sex specific life expectancy was calculated for 2007–2011 for the population in Glasgow and the
combined population of Aberdeen, Dundee and Edinburgh. Life expectancy was calculated for deciles of income
deprivation, based on the national ranking of datazones, using the Scottish Index of Multiple Deprivation. Life
expectancy in Glasgow overall, and by deprivation decile, was compared to that in Aberdeen, Dundee and
Edinburgh combined, and the life expectancy difference decomposed by age using Arriaga’s discrete method.
Results: Life expectancy for the whole Glasgow population was lower than the population of Aberdeen, Dundee
and Edinburgh combined. When life expectancy was compared by national income deprivation decile, Glasgow’s
life expectancy was not systematically lower, and deprivation accounted for over 90 % of the difference. This was
reduced to 70 % of the difference when carrying out sensitivity analysis using city-specific income deprivation
deciles. In both analyses life expectancy was not systematically lower in Glasgow when stratified by deprivation.
Decomposing the differences in life expectancy also showed that the age distribution of mortality was not
systematically different in Glasgow after accounting for deprivation.
Conclusions: Life expectancy is not systematically lower across the Glasgow population compared to Aberdeen,
Dundee and Edinburgh combined, once deprivation is accounted for. This provides further evidence that tackling
deprivation in Glasgow would probably reduce the health inequalities that exist between Scottish cities. The
change in the amount of unexplained difference when carrying out sensitivity analysis demonstrates the difficulties
in comparing socioeconomic deprivation between populations, even within the same country and when applying
an established ecological measure. Although the majority of health inequality between Glasgow and other Scottish
cities is explained by deprivation, the difference in the amount of unexplained inequality depending on the relative
context of deprivation used demonstrates the challenges associated with attributing mortality inequalities to an
independent ‘place effect’.
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Background
Scotland is the country with the lowest life expectancy in
Western Europe [1] with the city of Glasgow having par-
ticularly low life expectancy [2]. Research has long estab-
lished the association between socioeconomic deprivation
and inequalities in mortality with area based measures
being utilised to capture the multiple dimensions of
deprivation at the contextual level [3, 4]. Although
Glasgow’s socioeconomic deprivation profile is extreme- it
contains more than 40 % of the most deprived areas in
Scotland and over 50 % of the population of Glasgow live
in the most deprived areas [5]- it has been suggested that
deprivation alone cannot account for its high rates of mor-
tality [6, 7]. For example, deprivation does not account for
Glasgow’s relatively higher mortality rates when compared
to English cities with similar levels of deprivation. An ex-
cess of deaths has been found across all levels of
socioeconomic deprivation in Glasgow, compared to Man-
chester and Liverpool, with a 15 % excess even in the city’s
most affluent areas [6]. Glasgow’s mortality profile also
ranks poorly relative to European regions which experience
similar levels of socioeconomic deprivation and compar-
able economic trends following post-industrial decline [8].
The inability of Glasgow’s deprivation profile to ac-
count for its high death rate suggests that an additional,
but to date unknown factor, over and above socioeco-
nomic deprivation, affects health in Glasgow [9, 10]. The
proportion of Glasgow’s relatively high mortality rate
which is not accounted for by socioeconomic deprivation
has been labelled the “Glasgow effect” [7]. This “Glasgow
effect” has been primarily identified and discussed in
comparison with cities in England which have similar
deprivation profiles. Glasgow also has the lowest life
expectancy of all Scottish cities. However, whether
Glasgow has an unexplained excess mortality relative to
Scottish cities is less clear.
Therefore it has not yet been established if the “Glasgow
effect” should be understood as representing a “Scottish
effect” [10] – the inability of deprivation to explain Scot-
land’s excess mortality over England and Wales - or rather
as something distinct to the city of Glasgow [7]. If socio-
economic deprivation was unable to explain Glasgow’s ex-
cess mortality in comparison to Scottish cities, it would
imply that there is indeed, something distinct about the
city’s health within Scotland.
The finding that mortality varies from place to place
is not unique to Scotland. Studies from across the UK
[11, 12] and other countries [13] show systematic dif-
ferences in mortality between geographical areas. The
debate that is central to most of these studies is therefore
how much of the health difference is due to individual
level factors versus how much is due to contextual level
factors, which reflects the extent to which health is seen
to be shaped by individual behaviours and lifestyles, and
by structural and environmental conditions [4, 14]. Yet
fully accounting for contextual level factors, over and
above socioeconomic deprivation, that may be driving
higher mortality, is problematic. Studies focusing on the
existence of a “Glasgow effect” help to demonstrate this.
Part of the challenge, when researching the impact of
place effects on health over and above socioeconomic
deprivation, is finding comparable populations. This is
particularly difficult when a place of interest has extreme
levels of deprivation. Existing evidence suggests that Glas-
gow’s high mortality rates relative to the rest of the Scot-
tish population could largely be explained by its high
levels of socioeconomic deprivation. Excess deaths occur
in the most deprived areas of Glasgow only, but these are
precisely those groups for whom it is most difficult to find
comparable populations [15–17]. This problem is well
recognised in the literature comparing Glasgow to the rest
of Scotland; in a small country there are too few similarly
extremely deprived areas which can also be matched on
other attributes such as urban and rural classification [17].
Looking internationally for compatible populations has
limited potential because of variation in measures of
socioeconomic deprivation and because of diverse his-
torical, economic or structural changes that may have
impacted population health differently. However, Walsh
et al. [8] make comparison between Glasgow and other
European regions, with broadly similar post-industrial
decline, and conclude that the contextual factors
which may aggravate or alleviate the negative conse-
quences of these broad economic trends on popula-
tion health remain unclear. This reflects the argument
that the same contextual processes which influence
health may not have the same systematic impact in
different places [18].
Comparisons may also be problematic if migration
differs between populations and if migration is pat-
terned by deprivation. This is because widening health
inequalities may be the result of selective migration
processes whereby healthy individuals migrate to
healthy areas and away from areas of relatively higher
deprivation and poorer health [19, 20]. Although se-
lective migration was not found to account for
Glasgow’s increasing mortality when making a within
Scotland comparison [19] it may be important for
international comparative studies seeking to explain a
health difference.
Understanding when mortality in Glasgow changed
may provide indicators for the causes of higher mortal-
ity. McLoone and Boddy [21] found an increasing differ-
ence in mortality between Scotland’s most deprived and
least deprived postcode sectors between 1981 and 1991.
They attributed the worsening position of Glasgow, rela-
tive to Scotland, to the increase in levels of poverty in
the city during that time period. This argument was
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supported by Norman et al. [22] who showed that a rise
in premature mortality between 1981 and 2001 was con-
centrated within the most deprived areas of Scotland,
most of which were in Glasgow. Leyland et al. [15] fur-
ther showed that the increase in deaths in Glasgow was
being driven by a rise in premature mortality amongst
deprived males. These studies noted that high rates of
excess mortality among those living in the most deprived
areas was of particular concern because it was in con-
trast to, and thus partly masked by, improvements at the
Scottish national level.
However, the majority of the evidence looking at
place effects in Glasgow came from studies using
2001 census data which is no longer the most up-to-
date source. Furthermore the notion of a “Glasgow
effect” has rarely been explored using life expectancy.
Life expectancy is an intuitive measure that allows a
clear expression of health differences in number of
years, giving it an advantage over the mortality rate.
Life expectancy is also a measure of mortality that
can be decomposed by age, in order to estimate how
much the mortality difference at each age contributes
to the total difference in life expectancy at birth [23,
24]. This is important because the risk of dying varies
by age, but life expectancy is the aggregate of mortal-
ity across all ages. It can therefore mask any differences
in mortality experienced by different age groups. Although
two populations might share similar life expectancy, the
age structure of mortality might differ [23-26]. Under-
standing age differences in mortality may add to our un-
derstanding of inequalities in life expectancy because they
highlight more precisely the population groups who are at
a disadvantage and to some extent, the processes and
aetiological paths leading to mortality differences. If the
life expectancy gap between Glasgow and a comparable
Scottish population stemmed from specific age groups, it
might suggest which processes were responsible for the
Glasgow’s poor health record.
As recognised by those studying the “Glasgow effect”
there is a danger that the failure to explain health differ-
ences between Glasgow and comparable English cities
through differences in socioeconomic deprivation levels
may lead to a perspective that tackling deprivation is not
important for tackling Glasgow’s health problems [27].
The problem has been portrayed in the media, for
example, as one of the “Glasgow effect”, rather than of
socioeconomic deprivation [28]. In this paper we explore
whether differences in life expectancy between Glasgow
and a comparator comprising the combined populations
of Aberdeen, Dundee and Edinburgh (ADE) are ex-
plained by socioeconomic deprivation and whether mor-
tality in Glasgow has a distinct age profile, independent
of deprivation which may suggest a distinct “Glasgow
effect” amongst Scottish cities.
By calculating and decomposing life expectancy differ-
ences the following questions were answered:
1. Is lower life expectancy in Glasgow compared to
Aberdeen, Dundee and Edinburgh combined
accounted for by Glasgow’s socioeconomic
deprivation profile?
2. Does Glasgow have a distinct pattern to the age of
death, independent of socioeconomic deprivation in
comparison with Aberdeen, Dundee and Edinburgh
combined?
Methods
Deprivation measures
Deprivation was measured using the income domain of
the Scottish Index of Multiple Deprivation 2009 version
2, referred to in the following as SIMD. The SIMD is a
small area (datazones) measure of deprivation. There are
6,505 datazones in Scotland with an average population
size of 808. About 84 % of the datazones contain be-
tween 500 and 999 people [5]. The full SIMD is based
on several different domains of social, economic and en-
vironmental deprivation but it may not be appropriate
to use the full SIMD when evaluating relationships be-
tween deprivation and health as the SIMD itself contains
measures of mortality and morbidity. Therefore the
SIMD income domain only was used. The SIMD income
domain is the proportion of people defined as income
deprived because they are claiming one or more social
security benefits or tax credits triggered by poor eco-
nomic situation. The income domain is highly correlated
with the overall SIMD and contributes 28 % to the over-
all weight of the full SIMD. The SIMD income domain
for the year 2009 was selected because it was based on
data from 2009 which was the mid-point for the death
and population data being used. Each datazone within
the study areas was then attributed to a population
weighted decile. Deciles were calculated according to the
national distribution of income deprivation, which splits
the Scottish population into ten equal groups each con-
taining 10 % of the population. Decile 1 is the 10 % most
deprived and decile 10 the 10 % least deprived [29].
Sensitivity analysis
The sensitivity of the results to the national ranking of
deprivation deciles was tested by re-running the analysis
using ‘city specific’ deciles. These deciles were established
by re-ranking the datazones for Glasgow, Aberdeen,
Dundee and Edinburgh populations only. We undertook
this comparison because much of the literature on the
“Glasgow effect”, especially that comparing Glasgow to
cities outside of Scotland, has used such ‘city specific’
deciles [6, 30]. Our preference was to use the deciles cre-
ated relative to the national range and distribution
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because this is the more conventional and well-established
approach to measuring deprivation [31, 32]. Furthermore
the SIMD was created as a single relative measure of na-
tional deprivation to be applied to the country as a whole,
and was intended to be used to reflect relative deprivation
within Scotland [33]. Using deciles calculated from the
whole Scottish population to compare Glasgow and ADE
means that deprivation is being understood as relative to
the notion of ‘Scottish’ deprivation. The substantive con-
clusions of the research did not depend on which version
of the deciles was used – deprivation accounts for the
majority of Glasgow’s lower life expectancy. However the
‘city specific’ analysis suggested less of the Glasgow’s lower
life expectancy was accounted for by deprivation. In the
main paper, we report only results from the national
version. All results from the ‘city specific’ analysis are
reported in Additional files 1, 2, 3, 4, 5 and 6.
Population and mortality data
The population of Glasgow was compared to that of
Aberdeen, Dundee and Edinburgh (ADE) combined.
Each city was defined by its local authority boundary.
This comparison population was chosen on the basis
that ADE was similar to Glasgow’s population size and
represented Scotland’s other major cities.
Deaths and population estimates were aggregated across
the years 2007–2011 by sex, age group (0, 1–4, 5–9…85–
89, 90+) and SIMD national decile. We smoothed annual
fluctuations in the number of deaths, and increased the
number of events, by aggregating the data across 5 years.
The years 2007–2011 were selected because they repre-
sented the most recently available data at the time of the
research and population estimates were based on a na-
tional census in 2011. The total number of deaths in
Aberdeen, Dundee, Edinburgh and Glasgow during this
time period was 72,549. Of these deaths, 235 (0.3 %) had
to be excluded: 198 deaths could not be matched to a
datazone; 35 deaths were matched to a datazone that did
not fall within the local authority boundaries used for cal-
culating deprivation deciles with the SIMD; and two infant
deaths did not have a sex identified. This left 72,314
deaths to be included in the analysis. Data were obtained
and are available on request from National Records of
Scotland (http://www.nrscotland.gov.uk/).
Calculating life expectancy
Sex specific life expectancy at birth with 95 % confidence
intervals was calculated using methods implemented in
an online Microsoft Excel spreadsheet that is provided
by the Max Planck Institute for Demographic Research.
Standard life tables are used and 95 % confidence inter-
vals produced using Monte Carlo simulations that are
suitable for small populations [34]. Sex specific life
expectancy at birth was calculated for (i) each of the two
populations (Glasgow and ADE) overall and (ii) for each
deprivation decile within each population.
We then quantified the impact of deprivation on life
expectancy. First, we calculated a deprivation weighted
average life expectancy for Glasgow and ADE by taking an
equally weighted average of life expectancies across the
deciles within each population. Standard errors for each
deprivation decile were pooled to obtain an estimate of
95 % confidence intervals adjusted for deprivation, for
both populations separately. Second, we calculated the
difference in life expectancy between Glasgow and ADE
for overall life expectancy, and then for the deprivation
weighted average. Third, we calculated the reduction in
life expectancy difference due to deprivation by comparing
the difference in life expectancy between Glasgow and
ADE from overall life expectancies to the difference from
the deprivation weighted average life expectancies.
Decomposition of life expectancy inequalities
We used Arriaga’s (1984) discrete decomposition method
to estimate how much of the total difference in life expect-
ancy at birth between the two populations was contrib-
uted by difference in mortality in a specific age group [24,
35]. Number of years contributed to the total difference in
life expectancy by each age group has an intuitive inter-
pretation. Decomposition was carried out using StataSE
13.
To determine the influence of deprivation, decompos-
ition was carried out on the difference in life expectancy
for the populations overall and then carried out on the dif-
ferences between the populations across each deprivation
decile. The contributions made from each age group for
the decompositions carried out across each decile were
then averaged by summing the contributions from each
age group and dividing by 10. This allowed us to examine
if there was an age-specific pattern to mortality in
Glasgow that was independent of its deprivation profile.
The research used routinely available data and did not
require ethical approval.
Results
Table 1 shows the comparability of the two populations
in terms of socioeconomic deprivation using national
deprivation (see Additional file 1 for the same table
using ‘city specific’ deprivation). The SIMD ranks all of
the 6,505 datazones from most deprived to least de-
prived, with a rank of 1 being the most deprived and a
rank of 6,505 being the least deprived. Table 1 reports
the mean income rank of the datazones included in each
decile relative to the national distribution. The mean
income rank is the sum of all datazones rankings divided
by the number of datazones in that decile.
The two populations had similar distributions of SIMD
ranks across each deprivation decile, indicated by the
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mean rank. Decile 1 and decile 10 were not as closely
matched as the other deciles in terms of number of data-
zones, population size and SIMD rank. The mean SIMD
rank for decile 1 for Glasgow is 276 and 352 for ADE;
even though there are 160 more datazones within the
most deprived decile for Glasgow. This reflects just how
extreme Glasgow’s socioeconomic deprivation profile is.
Figure 1 shows total life expectancy of each population
before accounting for deprivation (total pop) and after
accounting for deprivation (total pop (dep)) at the left
end of the X axes. It also shows life expectancy in each
income deprivation decile in Glasgow and in ADE.
These figures are provided for men and women separ-
ately (see Additional file 2 for same figure using ‘city
specific’ deprivation). As expected, a deprivation gradi-
ent in life expectancy was apparent in both populations.
There was a difference of 12.2 years for males and
6.6 years for females between the most deprived and
least deprived deciles in Glasgow. In ADE the difference
was 12.3 years and 8.2 years for males and females
respectively.
Life expectancy, for both males and females, did not
differ significantly between Glasgow and ADE in the ma-
jority of the deprivation deciles (Fig. 1). The wide confi-
dence intervals for males and females in decile 10 in
Glasgow reflect small numbers of least deprived areas
and small population size for such affluent people. There
was no clear explanation for the slightly lower life
expectancy among Glasgow males from decile 5 than
among those from decile 4. The difference was not
significant and could be due to random fluctuations in
the data that remained even after aggregating across
5 years.
Before accounting for deprivation, life expectancy for
males in Glasgow was 71.8 (95 % CI 71.6–72.0) and for
females it was 78.0 (95 % CI 77.7–78.2). Life expectancy
in ADE before accounting for deprivation was 76.3 (95 %
CI 76.1–76.5) for males and 80.9 (95 % CI 80.7 – 81.0) for
females. This was a difference of 4.5 years for males and
2.9 years for females.
If both groups had the same deprivation profile, life ex-
pectancy in Glasgow would be 75.2 (95 % CI 74.9–75.5)
for males and 80.2 (95 % CI 79.7–80.5) for females. In
ADE life expectancy would be 75.6 (95 % CI 75.4–75.8) for
males and 80.3 (95 % CI 80.2–80.5) for females. This was a
difference of 0.4 years for males and 0.1 years for females
between ADE and Glasgow and meant that 91 % of the
difference in life expectancy for males and 93 % of the dif-
ference for females was accounted for by deprivation (see
Additional file 4 for results using ‘city specific’ deprivation).
Figure 2 shows the decomposition of the life expect-
ancy gap between ADE relative to Glasgow before and
after accounting for deprivation (see Additional file 3 for
the same figure using ‘city specific’ deprivation). Before
accounting for deprivation, a distinct age pattern could
be seen with the contribution to the life expectancy gap
increasing with age up to age 65 before declining. This
pattern is conventional for most populations with a life
expectancy of 65 years or more, as death is most com-
mon around these ages. In turn, this implies more life
Table 1 Comparability of Glasgow and Aberdeen, Dundee and Edinburgh combined when ranking datazones by national income
deprivation
Number of datazones
(as % of datazones
by location)
(SIMD 2009+2)
Mean income ranka
(SIMD 2009+2)
Number of income deprived
people (as % of population
by location) (SIMD 2009+2)
5 year population estimates
(as % of population by location)
(2007–2011)
5 year number of deaths
(as % of population by
location by decile)
(2007–2011)
Decile Glasgow ADE Glasgow ADE Glasgow ADE Glasgow ADE Glasgow ADE
1(most dep.) 250 36 90 9 276 352 85780 55 28860 25 1,019,818 35 379,813 9 13830 1.4 4042 1.1
2 117 17 79 8 1008 1064 29205 19 17530 15 490,534 17 312,351 8 6821 1.4 4001 1.3
3 67 10 83 8 1701 1688 12515 8 15015 13 268,686 9 330,483 8 3454 1.3 4238 1.3
4 64 9 75 8 2401 2377 10230 7 11975 10 276,051 9 328,472 8 2395 0.9 3536 1.1
5 48 7 75 8 2978 3028 6380 4 9620 8 206,085 7 322,430 8 1719 0.8 3127 1.0
6 46 7 84 8 3649 3688 5160 3 8275 7 210,745 7 345,477 8 1693 0.8 3447 1.0
7 34 5 82 8 4349 4323 2680 2 6610 6 144,076 5 348,543 8 1033 0.7 3244 0.9
8 34 5 96 10 4923 4924 2170 1 5815 5 146,469 5 404,898 10 864 0.6 3903 1.0
9 22 3 124 12 5581 5604 1045 <1 5125 5 103,240 4 500,688 12 726 0.7 3884 0.8
10(least dep.) 12 2 207 21 6092 6242 355 <1 4645 4 43,436 1 864,635 21 276 0.6 6081 0.7
Total 694 100 995 100 1839 3804 155520 100 113470 100 2,909,140 100 4,137,790 100 32811 1.1 39503 1.0
Data obtained and available on request from National Records of Scotland, http://www.nrscotland.gov.uk/
aThe mean income rank is the average ranking of all datazones included in each decile. E.g. the sum of all datazones rankings divided by the number of
datazones in that decile
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years in total can be potentially gained by avoiding the
large number of deaths that occur in these ages rather
than from the fewer deaths which occur in younger ages
and at much older ages. Even though each individual death
at an older age loses fewer years of expected life than a
death at a younger age, the total loss of years from deaths
at older ages will be greater because a larger proportion of
the population dies at these ages than at younger ages [36].
The pattern showing increasing contributions made up to
age 65 was almost completely removed by accounting for
deprivation. It suggested that there is no clear age related
function of mortality that cuts across the entire Glasgow
population once deprivation was accounted for.
Discussion
The aim of this study was to evaluate whether deprivation
could account for lower life expectancy in Glasgow com-
pared to other Scottish cities. Life expectancy was lower
for Glasgow compared to the populations of Aberdeen,
Dundee and Edinburgh combined (ADE) before account-
ing for deprivation but the difference was much lower
after accounting for deprivation. Deprivation was found to
account for over 90 % of the difference in life expectancy
between the two populations, although sensitivity analysis
using the ‘city specific’ deciles (see Additional files 5 and 6
for comparison) suggested less of this difference was
accounted for by deprivation (around 70 %). The unex-
plained difference which remained may have stemmed
from the inability to precisely match levels of deprivation,
particularly in the most and least deprived deciles. This
would be difficult to achieve because of Glasgow’s extreme
deprivation profile within the national context of Scotland.
Previous research suggested that differences between
population health in Glasgow and other cities could be
accounted for by controlling more accurately for
deprivation [17] and that the divergence in mortality be-
tween Glasgow and comparable cities may have been
driven by an increase in mortality in the most deprived
groups only [22, 37]. This study suggests that inequal-
ities in life expectancy between Glasgow and ADE dis-
appear across the majority of deprivation deciles where
an equivalent match was achieved. However, it also
Fig. 1 Life expectancy at birth with 95 % confidence intervals by sex, deprivation decile and comparison population. Life expectancy results
shown are those calculated for each population weighted income deprivation decile by ranking datazones by national income deprivation
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highlights the difficulty of finding comparable urban
populations within Scotland at the most extreme levels
of deprivation.
The study has thus provided further evidence for under-
standing current inequalities in mortality between Scottish
cities. When considering Glasgow city’s population, in
comparison to other Scottish cities, using national income
deprivation deciles the difference which is independent of
its extreme deprivation profile (the “Glasgow effect”) is
only 10 %. Decomposition showed that there was no
distinct pattern of mortality by age that was unique to
Glasgow when compared to ADE, after accounting for
deprivation. This finding adds to the body of research
which argues that deprivation is the most important
explanatory factor for Glasgow’s poor health profile within
Scotland by demonstrating that there is no age profile of
mortality in Glasgow that is independent from socioeco-
nomic deprivation [16, 17, 22].
The study used the most recent, highest quality death
and population data, as well as an established measure of
socioeconomic deprivation. Prior to this study, most
evidence utilised data based on the 2001 census. The
income domain of the SIMD is a valid measurement of
socioeconomic status and was deemed to be the most ap-
propriate because of its heavy weighting and correlation
with the overall SIMD. However, it is possible that the re-
sults could change depending on the indicator of socioeco-
nomic deprivation used.
This research used an ecological approach in order to
measure deprivation by aggregating datazones into popula-
tion weighted deprivation deciles according to the Scottish
national rankings. Sensitivity analysis was carried out and
showed that changing the ranking of datazones to a ‘city
specific’ ranking did not alter the substantive conclusions
– that deprivation explains the majority of the difference.
However, the change in the amount of unexplained
Fig. 2 Years contributed by each age group to the difference in life expectancy between Glasgow and ADE before and after accounting for
deprivation. After accounting for deprivation is the average contribution (the sum of the contributions from each age group in each decile
divided by 10)
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difference demonstrates that it can be difficult to find com-
patible populations at extreme levels of deprivation.
Although an ecological approach for capturing the geo-
graphical distribution of deprivation is valid, individual
level socioeconomic circumstances may not have been well
captured and will have varied within each decile. Whether
studying the issue using individual level deprivation would
change the result is not clear. Furthermore, there was rela-
tively large uncertainty in life expectancy for certain levels
of deprivation (the least deprived in Glasgow for example)
because of small population sizes despite pooling data for
5 years. The difficulty in finding comparable populations
for Glasgow’s most deprived was emphasised by Dundas et
al. [17] who, by using a ‘case control’ method for matching
datazones by deprivation, showed a reduction in mortality
rate inequalities between Glasgow and the rest of Scotland
of up to 57 %. Future research could use this ‘case control’
approach to account for absolute differences in life
expectancy.
Conclusions
This study suggests that over 90 % of excess mortality
in Glasgow, relative to comparable Scottish cities, is
accounted for by its extreme deprivation profile. In
turn, this suggests that area deprivation concentrated
within Glasgow may account for a large proportion of
Scotland’s mortality disadvantage when making inter-
national comparisons. Therefore the main implication of
this study is that reducing the high levels of deprivation in
Glasgow could reduce inequalities in life expectancy
within the city, and between Glasgow and three other
major Scottish cities. Tackling deprivation in Glasgow
could have positive implications for the health of Scotland
as a whole which, in turn, would improve its public health
standing in Europe.
Additional files
Additional file 1: Comparability of Glasgow and Aberdeen, Dundee
and Edinburgh combined when ranking datazones by ‘city specific’
deprivation. Table showing the distribution of datazones, mean income
rank of decile, number of income deprived, population estimates and
deaths for each ‘city specific’ deprivation decile. Datazones in Glasgow,
Aberdeen, Dundee and Edinburgh only are re-ranked. (DOCX 26 kb)
Additional file 2: Life expectancy at birth with 95 % confidence
intervals by sex, ‘city specific’ deprivation decile and comparison
population. Plot of life expectancy with 95 % confidence intervals for
each ‘city specific’ deprivation decile. (TIFF 1549 kb)
Additional file 3: Years contributed by each age group to the
difference in life expectancy between Glasgow and ADE before and
after accounting for ‘city specific’ deprivation. Age decomposition
graph before and after accounting for ‘city specific’ deprivation. (TIFF 1549 kb)
Additional file 4: Results of ‘city specific’ deprivation analysis. Life
expectancy results using ‘city specific’ deprivation. (DOCX 13 kb)
Additional file 5: Life expectancy at birth with 95 % confidence
intervals comparing national and city specific deciles, males. Plot of
life expectancy with 95 % confidence intervals comparing results using
national and ‘city specific’ deprivation deciles, males. Decile 10 in
Glasgow was merged with decile 9 when using ‘city specific’ deprivation
because of the small population size. (TIFF 1549 kb)
Additional file 6: Life expectancy at birth with 95 % confidence
intervals comparing national and city specific deciles, females. Plot
of life expectancy with 95 % confidence intervals comparing results using
national and ‘city specific’ deprivation deciles, females. Decile 10 in
Glasgow was merged with decile 9 when using ‘city specific’ deprivation
because of the small population size. (TIFF 1549 kb)
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
RS contributed to the Literature search, figures, data management, data
analysis, data interpretation, and writing. RD contributed to the data
interpretation, data analysis and writing. AL contributed to the study design,
data interpretation, data management and writing. RM contributed to the
study design, data interpretation and writing. FP contributed to the study
design, data interpretation, data analysis, and writing. All authors read and
approved of the manuscript.
Authors’ information
RS MRC/CSO Social and Public Health Sciences Unit, University of Glasgow.
RD MRC/CSO Social and Public Health Sciences Unit, University of Glasgow.
AL MRC/CSO Social and Public Health Sciences Unit, University of Glasgow.
RM Centre for Research on Environment, Society and Health (CRESH), Section of
Public Health and Health Policy, Faculty of Medicine, University of Glasgow.
FP MRC/CSO Social and Public Health Sciences Unit, University of Glasgow.
Acknowledgements
RS is funded by a UK Medical Research Council (MRC) 1+3 PhD studentship.
RD is funded by the UK Medical Research Council (MC_UU_12017/5) and the
Chief Scientist Office (SPHSU2).
AL is funded by the UK Medical Research Council (MC_UU_12017/5) and the
Chief Scientist Office (SPHSU2).
FP is funded by the UK Medical Research Council (MC_UU_12017/7).
Author details
1Medical Research Council Social and Public Health Sciences Unit, University
of Glasgow, Glasgow, UK. 2Centre for Research on Environment, Society and
Health, Institute of Health and Wellbeing, University of Glasgow, Glasgow, UK.
Received: 10 June 2015 Accepted: 28 September 2015
References
1. McCartney G, Walsh D, Whyte B, Collins C. Has Scotland always been the
‘sick man’of Europe? An observational study from 1855 to 2006. The
European Journal of Public Health. 2011;22(6):756–60.
2. National Records of Scotland. Life expectancy for areas in Scotland, 2011–2013.
In: Life expectancy. Edinburgh: The Scottish Government; 2014.
3. Carstairs V, Morris R. Deprivation and mortality: an alternative to social class?
Journal of Public Health. 1989;11(3):210–9.
4. Macintyre S, Ellaway A, Cummins S. Place effects on health: how can we
conceptualise, operationalise and measure them? Social Science &
Medicine. 2002;55(1):125–39.
5. National statistics. Scottish Index of Multiple Deprivation 2012. In: A national
statistics publication for Scotland. Edinburgh: The Scottish Government; 2012.
6. Walsh D, Bendel N, Jones R, Hanlon P. It's not ‘just deprivation’: Why do
equally deprived UK cities experience different health outcomes? Public
Health. 2010;124(9):487–95.
7. Walsh D, Bendel N, Jones R, Hanlon P. Investigating a ‘Glasgow Effect’: why do
equally deprived UK cities experience different health outcomes. In: Findings
series. vol. 25. Glasgow: Glasgow Centre for Population Health; 2010.
8. Walsh D, Taulbut M, Hanlon P. The aftershock of deindustrialization—trends
in mortality in Scotland and other parts of post-industrial Europe. The
European Journal of Public Health. 2010;20(1):58–64.
Seaman et al. BMC Public Health  (2015) 15:1057 Page 8 of 9
9. McCartney G, Collins C, Walsh D, Batty GD. Why the Scots die younger:
Synthesizing the evidence. Public Health. 2012;126(6):459–70.
10. Hanlon P, Lawder RS, Buchanan D, Redpath A, Walsh D, Wood R, et al. Why is
mortality higher in Scotland than in England and Wales? Decreasing influence
of socioeconomic deprivation between 1981 and 2001 supports the existence
of a ‘Scottish Effect’. Journal of Public Health. 2005;27(2):199–204.
11. Phillimore PR, Morris D. Discrepant legacies: premature mortality in two
industrial towns. Social science & medicine. 1991;33(2):139–52.
12. Barker D, Osmond C. Inequalities in health in Britain: specific explanations in
three Lancashire towns. BMJ. 1987;294(6574):749–52.
13. Haan M, Kaplan GA, Camacho T. Poverty and health prospective evidence
from the alameda county study1. American journal of epidemiology.
1987;125(6):989–98.
14. Stafford M, Bartley M, Mitchell R, Marmot M. Characteristics of individuals
and characteristics of areas: investigating their influence on health in the
Whitehall II study. Health & place. 2001;7(2):117–29.
15. Leyland AH, Dundas R, McLoone P, Boddy FA. Inequalities in mortality in
Scotland, 1981–2001. In: occasional paper, vol. 16. Glasgow: Medical Research
Council: Social and Public Health Sciences Unit/Chief Scientist Office; 2007.
16. Gray L. Comparisons of health-related behaviours and health measures
between Glasgow and the rest of Scotland. In: Findings series. Glasgow:
Glasgow Centre for Population Health; 2007.
17. Dundas R, Ralston K, Walsh D, Leyland AH. OP31 Is Excess Mortality in Glasgow
an Artefact of Inadequate Control for Deprivation: A Case–control Study.
Journal of epidemiology and community health. 2013;67 Suppl 1:A16–7.
18. Walsh D, Gray L. European regional and city comparisons: how does the
health of Greater Glasgow and the West of Scotland compare with other
cities and post-industrial regions of Europe? In: Findings series, vol. 11.
Glasgow: Glasgow Centre for Population Health; 2008.
19. Popham F, Boyle PJ, O'Reilly D, Leyland AH. Selective internal migration.
Does it explain Glasgow's worsening mortality record? Health & Place.
2011;17(6):1212–7.
20. Green MA, Subramanian SV, Vickers D, Dorling D. Internal migration, area
effects and health: Does where you move to impact upon your health?
Social Science & Medicine. 2015;136–137:27–34.
21. McLoone P, Boddy FA. Deprivation and mortality in Scotland, 1981 and
1991. Bmj. 1994;309(6967):1465–70.
22. Norman P, Boyle P, Exeter D, Feng Z, Popham F. Rising premature mortality
in the UK’s persistently deprived areas: Only a Scottish phenomenon? Social
Science & Medicine. 2011;73(11):1575–84.
23. Karanikolos M, Leon DA, Smith PC, McKee M. Minding the gap: changes in
life expectancy in the Baltic States compared with Finland. Journal of
Epidemiology and Community Health. 2012;66:1043–9.
24. Preston SH, Heuveline P, Guillot M. Demography : measuring and modeling
population processes. Malden, MA: Blackwell Publishers; 2001.
25. Gu D, You D, Zhu H. Decomposing changes in life expectancy at birth by
age, sex, and residence from 1929 to 2000 in China. In: Annual Meeting of
the American Population Association, vol. 29. New York: Population
Assocation of America; 2007. p. 31.
26. Auger N, Alix C, Zang G, Daniel M. Sex, age, deprivation and patterns in life
expectancy in Quebec, Canada: a population-based study. BMC Public
Health. 2010;10(1):161–70.
27. Walsh D, McCartney G, McCullough S, Van Der Pol M, Buchanan D, Jones R.
Exploring the potential reasons for Glasgow's excess mortality: Results of a
three-city survey of Glasgow, Liverpool and Manchester. In: Report. Glasgow:
Glasgow Centre for Population Health NHS Health Scotland and the
University of Aberdeen; 2013.
28. Muriel A. Mystery of Glasgow's health problems. In: The Guardian. London:
Guardian Media Group plc; 2012.
29. Noble M, Wright G, Smith G, Dibben C. Measuring multiple deprivation at
the small-area level. Environment and Planning A. 2006;38(1):169–85.
30. Graham P, Walsh D, McCartney G. Shipyards and sectarianism: How do
mortality and deprivation compare in Glasgow and Belfast? Public health.
2012;126(5):378–85.
31. Townsend P. Poverty in the United Kingdom: a survey of household
resources and standards of living: University of California Press; 1979.
32. Townsend P. Deprivation. Journal of social policy. 1987;16(02):125–46.
33. Bailey N, Flint J, Goodlad R, Shucksmith P, Fitzpatrick S, Pryce G. Measuring
deprivation in Scotland: Developing a long term strategy In: Scottish Centre
for Research on Social Justice Universities of Glasgow and Aberdeen.
Edinburgh: Scottish Executive Central Statistics Unit; 2003.
34. Andreev EM, Shkolnikov VM. Spreadsheet for calculation of confidence
intervals for any life table or healthy life table quantity. In: MPIDR Technical
Report, vol. 2010–05. Rostcok: Max Planck Institute for Demographic
Research; 2010.
35. Arriaga EE. Measuring and explaining the change in life expectancies.
Demography. 1984;21(1):83–96.
36. Vaupel JW. How change in age-specific mortality affects life expectancy.
Population Studies. 1986;40(1):147–57.
37. Leyland AH, Dundas R, McLoone P, Boddy FA. Cause-specific inequalities in
mortality in Scotland: two decades of change. A population-based study.
BMC Public Health. 2007;7(1):172–84.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Seaman et al. BMC Public Health  (2015) 15:1057 Page 9 of 9
